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ABSTRAGT

e T ’ - After rabbits were challenged with sterile anthrax toxin, ~
- . . cholinesterase~in“the blood initially increased, then after &
to 12 hours it began a gradual decrease to 40 to 50 per cent
o of that of the contrel, Cholinesterase inhibition alsc was
4§> 7 ’ _observed in blood of monkeys infected with systemlic anthrax.
o "' When Wistar rats were challenged-with toxin, a marked increase
of immatu ¢ white biodd ceris was observed, . Parﬂlysis of-the
monkéy “and rabbit suggested central nervous systém involvement,
_These .observations on cholinesterase inhibirion end/or shifts
o iie white.blood cells may be useful to detect establishment of"
-gystemic anthrax in cases of suspected«exnosuzes prior- to the’ P

;f -7 S s obsetvance of -the terminal septicemia. “, - . . T
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e % - .« . Systemic. anthfax of man or animala rdrely 1s detected before the°occur’ R
R - Tehce of the=precerminal septicemia. A m&ansudf~early detection,therefore,
= Q3

B LT S 13 needed in order to initiate ;reatment.A - : . . - e o 2
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P L5 ~'buring our studies on pafhogeneais of anthrax;'a:udies were mnde “of
e LT e . the effect of both the bacillus~and of- toxin alone on experimen:al hosts. -
. ) i Polloving -challenge, inhibition of cholinesterdse and a marked-{ncrease
> PR =~1in in-u:ute granulocytic leucocytes was observed. These physioclogical re-_
” ac:ionl following® chnllange of -experimental ‘h8sts with toxin or spores are:
T discussed {n this paper. Cartain physiologic11 effects purportﬂdly”due to
: koxin on-the central nervous system are described. Since-these tasts are .

e e npnspecific, their linited medical value 1noreeogn1zed e <

< =

’ L The qulnt{tative procedute for determ&ning red blood, celLﬁeholxnesterlse:
o activity was that of Fleisher,- Pope, and Speatr,’ which involves incubation’
v of hemolyzed whole blood with acetylcholine and measurement of the color
e . foparted by an tadicator, The qualitative. screening method of Limpercs
v . and Renta® also was used in our initial work. This test indicates none,
‘some, or major {not necessarily complete) inhibition of cholinesterase, -
White blvood cell determinations were made using the methylene blue-phloxine
i in propylene glycol method of Randolph.,” Both total and differential. counts
‘ware determined from the same wet. preparaL101 by this method.

G

' " The sterile antnrax toxin used in these studies was produced in vitro
by the method of Thornngg_gé,‘ For rabbits this toxin was concentrated by
freoze drying to four tilmes its original concentration and administered
intravenously.through the marginal cr cephalic ear velins.
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Three- groups of New Zealand white rabbits Lsve been ﬂHschGA For
Fysiological changes following challenge withirom 25 to 6% miitilivers
of toxin. Ten rabbits wer® challenzed., Varicu:s cohtrols wer- run, in-

tralized with heat or antiserum, Data for char~~ in cuolx“estevq~e for
\y -

one group of rabbits are gzven in Tabis Lo+ o %

- _TABLE 1. cao_g:mz*s‘rzusg ACTIVITY. I% s«;\aa_n‘s;gmmﬁ IN VITRO TOXIN

hd . - - - v

S e T Milliliters of 4 X Toxln injected : B
. Time, hours ~ .o~ > -I¥ Intc Each. of Pour Rabbits .. .

~ i 4 -
o .

_ The cholinesterase chnnge wae followed {n four'tﬁesus monkeys’ dhallengnd
intradermally with 105 anthrax spores of the Vlb strain. The qualitstive
teat used indicated parcial ‘inhibitjon at 18 hours And;"conplete" inhibition o,

c

‘at 26 hours after 1ﬁ£ection. The {nhibitidh remained complete until deach

at 41 to 48 hours, Lo B R

>

White blood cell counts were made of ten tabbits and eight Wistar rats
challenged with toxin and two rhesus monkeys challenged with spores. .After
challenge with toxin, all specles shosaed that total white blood cells in-
creaged several fuld, accompanied by a marked incroase in irmatura granulo=

- cytic cells. With the rabbit this change occurred at 12 hours dnd was -

accompanted by the observation of {mmature red blood cells, indicating a
premature relesse of these cells from the bone marrow, The several kinds
of controls showed little response or less extreme rise in white blood cells,

o _= e S=a = e R ,’,‘ =

und this rise was not aCCOmpanied by: observation of 1umature red blood c/lls.

<

 ciuding injection with saline, cultupe medium, antiserum, and Loxin neu- ¢ ¢

=L s - 5. -~ <35 - g - 65 - T
To. Lot o« w68 0 222 . L9120l T
. 26 - o - g . 1,80 - 2,36 - . L.32 < 1,30 . . .
o -7 48 T s Le0 . - 2,22 .. 1,40 1,62 =
o 80 L oee -, 134 . 1,80 . - L.64  :1.48 s
.7 T s o 1,30 Dead . = 1.14° " 1.40° .
0. e T 100, . -~ e . = 0,88 =% . 1.02  "-Dead g
. T 102 . e - Dead . oo Se= 7 Dead <= - ;
o°-j Per Cent Decréase” of = 7Y s = g 2T o7 . k'\é
Choltnanterat. Activity =~ 7 48 - 19 -7 47 L .30 .. T
“a P - o e e U—r ~ } < - ,: AD
.- a. Micromoles oifaéetylcho}ine hydrolyzed. - ©. N
B < R . < - % ;Q - - "
G An Inltlal tncrolio gn cholinastcraa. activity from apprcxiuately 1. 70° '
to 2.10 micromoles of ace:ylcholin‘ hydrolyzed was observed at six hours,
tolfﬁwcd by a gradullzdtcttalt to 40 to 50 per cent of saline~injected con--
trol. Death occurred at three to five dAyo.aarhe animals that died showed =
-nxinun’inhtbitian of cholinc:tcrase activity at death. : Survivors were-
- equally inhibiced but gr:dullly tgglincd activity folloving :h. critical =
period, - . - .- . , i P I T
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- e parallel cbservations Sf Blool et a{A an®
T anthrax in rabﬁits to the exdent that both groups Qbsefved 2 warked igcrease
in igmature granv&ocyfxc ceﬁ&a.;\aéaht hovrs after ¢hallen;e, a cwo“o"d Loy, o=
. crease in total count 5f Whi te blood cells. was observed: for Wigtar rats = T
challongéd with toxin. A reversal of the ratio of lympholytes te ~vann o
cytes from a normal §0r15 to 40:60 was obse: 'ed at seven to eight hours, .
THis shift was a result of increased lmmdtbre granulocytes. Lymphocytes
remained normal. Increase in ismmature ~n3ﬂx.ocyt1c cells was also observed
with anthrax- infected monkeys, Immature red blood cells were .observaed ‘only
just before death, at which time the cotal white blood cel} number was de-

e creaéing = ' T B . =

Q‘r voser*v tions.. *lth tO{T

. ' “ Paralysis has been mostcprOﬂCUnCed in rahbits cballenged aitn toxin. »In
IR wost rabpits a flaccid paralysis of the hind fuarters~was observed at’ 30°to
' S 36 ~hours, which continued for 24 to 48-more hours; Inxtxatxon of . paralysis” ..’
i --_.was closely associated with .the obdervation of cholinegserase fnhibition.f 7
. However, recogsfy from paralysis preceded significant rise in chokinesterase
« ¢, activity with moderate-to-complete c¢ontroi- of the hind<limbs being,regained.
™ Eith#r full recovery occurred.in rabbits challenged st the lowest doge“or a - ==
. -spastic parilyais develop%§ 10 to 15 mimites before dea:h At~ *bis time o
SR hyperdensitivity rastouch and sound occurred. The monkey challenged with < = =
’ toxin also showed spastic paralysis several hours before death Rats oL
=" . .- ahowed marked hyperseneitivity. In 411 animald, death occurred rapidly . A
s T e without a prolonged agonal period. © ., , Lo N =

= < - = 5o

o o

2 JOur observationl,evﬁich are preliminnry and:aake uae ofcunpurified
toxin,oahow that cholinesterase fnhibition is one ‘of the physiologicafief-
fects resulting from administration of anthrax toxin to experimental anf{-
:  mals, _There {s uncercainty,)hovever, as to vhether ‘this phenomenon canbe, ° =~ « -
= - . attriduted to the direct action of toxin or- if .it is the-result of a "side <
e reaction." Interfersnce with protcin metabolism has been suggested, because
° _the decreass in"activity gradually occurs over a period of time and nevess
" ° reaches complete inhibition. Inbibition aleo accurs during the course of
_disease. When challenge {s with toxin alone, hypersensitivity is observed.
. L. “in elch of thc three apecies and paralysis in the maney and zg,biLa.

The- observations made du'ing the course of disease and following admin-
istration of anthrax toxir, althoug' preliminary, do indicate that there
is involvement of the central neryous system, or, more specifically, a
hypothalamic-hypophyseal-adrénal. interaction {(as in the Waterhouse-
Friderichser syrdrcme) that 1s respOﬁsible for the cbeerved effects.,

The two physiological réspon=e: folluwed in this worx, although non- .
 specific, may provide means of detecting anthraz prior to the Geptlgunif
' stage in animals known to be exposed tv anthrax. The tests have value
becaugsa they forewarn the cllﬂiciun as to what he might cxpzet even though
1t does not provide him with a definite laboratory diagnosis, The :
'viélcusness of anthrax 1“fb?tion, its slight warnirnigs of danger, fcllowed
hy & ptecxpi ous course of rapid events leading to death, would make
T presumptiVe tests valuable additiens to fhe Jrﬂaﬁontaviun of the dxagy
- nostician, : -
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